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INTRODUCTION 
The decline in fertility of UK dairy cattle (Royal et al., 2000) and the unfavourable genetic 
correlations (rG) between fertility and milk yield (Campos et al., 1994 ; Hoekstra et al., 1994 ; 
Grosshans et al., 1997 ; Pryce et al., 1998 ; Royal et al., 2000a ; Veerkamp et al., 2000), 
prompts the need to broaden breeding goals to include fertility. However to date, fertility is not 
included in UK breeding programmes. One barrier to the inclusion of fertility is that national 
recording is not compulsory and therefore data are often poorly recorded (Kadarmideen and 
Coffey, 2001). An additional problem is that traditional fertility measures (calving interval, CI ; 
days open ; interval to first service, IFS) are influenced by management decisions and hence 
have low heritabilities (h2 <0.05) making it difficult to identify genetically superior animals.  
An alternative approach is to use endocrine measurements of fertility such as commencement 
of luteal activity post-partum (CLA, days) which has a moderate heritability (h2 0.14 - 0.25 : 
Darwash et al., 1997a ; Royal, 1999 ; Veerkamp et al., 2000) and is phenotypically associated 
with traditional measures of fertility (Darwash et al, 1997b ; Royal et al., 2000). In addition, 
CLA is measured early in a lactation, does not require a subsequent calving and is free from 
management biases. To assess the usefulness of CLA in future breeding programmes it is 
necessary to determine the rG with other economically important traits in the breeding goal. 
The aim of this paper was to estimate genetic and phenotypic (co)variances of CLA with a 
number of traditional measures of fertility, production, average body condition score (BCS) 
and linear type traits.  
 
MATERIALS AND METHODS 
Milk samples were collected from shortly after calving (Day 2-10) until 30 days after first 
insemination and analysed for progesterone (P4) concentration. A total of 1212 Holstein-
Friesian cows were monitored in eight dairy units, between 1996 and 2000. CLA was 
calculated from the profiles for analysis (Royal, 1999 ; Royal et al., 2000).  
Mixed linear models were fitted to the data using the restricted maximum likelihood method. 
ASREML software (Gilmour et al., 1995) was used in uni- and bi-variate analyses to estimate 
(co)variance components, fixed effects and genetic regression coefficients (b). Further 
estimations of rG were inferred from genetic regression of lnCLA on sire PTAs for CI, 
production, linear type traits and BCS by multiplying the regression coefficient by the ratio of 
the genetic standard deviations (e.g. lnCLA/sire PTA). PTAs for CI and BCS had been 
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estimated previously by Pryce et al. (2000). National production and confirmation proofs were 
obtained from the national animal evaluations within the UK.  
The model fitted included herd, diet within herd, lactation number, year, season, uterine 
infection and percentage Holstein (fitted as a regression) as fixed effects. The two-way and 
three-way interactions among herds, years and seasons were fitted throughout as random 
effects. In the bivariate analyses involving milk yield, the trait used was predicted day 56 milk 
yield (MY56). This was estimated from a model of phenotypic yield with random regressions 
for cows and lactations within cows (D. Waddington, unpublished). 
 
RESULTS AND DISCUSSION 
Table 1 illustrates h2 estimates and phenotypic and genetic standard deviations. The h2 of 
lnCLA was 0.16 (SE = 0.05 ; P<0.0005). This estimate is in agreement with that of Darwash et 
al. (1997), Royal (1999) and Veerkamp et al. (2000). Percentage Holstein (PCH) had no effect. 
Geometric means for CLA during the four seasons were 27.1, 28.0, 20.8 and 20.9 days for 
winter, spring, summer and autumn, respectively (P<0.025). Later lactations (four +) and the 
occurrence of uterine infection were associated with prolonged CLA (P<0.05 and P<0.01, 
respectively). To investigate rG between milk yield and CLA it was relevant to use milk yield 
when it was approaching the period of peak yield, when energy balance is at its nadir and close 
to the time when insemination decisions are being taken. The h2 estimate for MY56 was 0.50 
(SE = 0.06; P<0.001). Herd, lactation number and diet all had significant effects. Effects of 
PCH only approached significance (P<0.1). This agrees with estimates for test day milk yields 
published by Jamrozik and Schaeffer (1997 ; 0.40 and 0.59) for daily milk yield. However, it is 
higher than the figures reported by Pander et al. (1992), Jamrozik et al. (1997) and 
Brotherstone et al. (2000 ; 0.10 – 0.40). This may reflect the removal of environmental 
variation by the random regression model used to predict MY56 in the current study. The 
genetic correlation between CLA and MY56 was 0.36 (SE = 0.17 ; P<0.05). Genetically, cows 
with high MY56 tended to have longer CLA. This can be compared to 0.51 (SE = 0.3) obtained 
by Veerkamp et al., (2000) for 305 day milk yield and CLA. Similar estimates have been 
reported for the rG between milk yield and traditional measures of fertility (range 0.16 – 0.64 
for CI, IFS and days open; Van Arondonk et al., 1989 ; Bagnato and Oltenacu, 1993 ; Hoekstra 
et al., 1994 ; Campos et al., 1994 ; Grosshans et al., 1997 ; Pryce et al., 2000 ; Kadarmideen et 
al., 2000) which are all unfavourable. 
Throughout these analyses, estimates of rG between CLA and traditional traits of fertility were 
estimated but unfortunately it was clear that the data were too few to provide credible estimates 
via bivariate analyses. However, the phenotypic relationship between CLA and IFS was 
favourable and significant such that IFS increased with increasing CLA. This is in agreement 
with the principle that early re-establishment of post-partum ovarian activity is an important 
pre-requisite for high fertility (Darwash et al., 1997). 
 
Genetic correlations estimated from genetic regression. Genetic correlations (inferred from 
genetic regressions using sire PTAs) of lnCLA with CI, production, BCS and a number of 
linear type traits are presented in Table 2. The regression coefficient for lnCLA on sire PTA for 
BCS was negative (P<0.005) indicating that cows with a genetically low BCS (thinner) are 
more likely to have an extended CLA. The b for lnCLA on sire PTA for CI was positive 
(P<0.1) indicating that cows with genetically longer CI on average will have longer CLA. The 
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magnitude of the regression was such that CLA increased by 0.3 days with every day increase 
in CI. 
 
Table 1. Assumed estimates for h2 and phenotypic and genetic standard deviations (σP 
and σG, respectively) 
 

Trait σP h2 h σG Reference 
lnCLA (days) 0.52 0.16 0.40 0.208 a 
MY56 (kg) 5.40 0.50 0.707 3.81 a 
305 Milk yield (kg)  895 0.39 0.624 558.927 b 
305 Fat yield (kg)  35 0.47 0.686 23.995 b 
305 Protein yield (kg)  27 0.34 0.583 15.744 b 
Condition Score (CS ; adj. 1st lac) 1.3 0.28 0.529 0.688 c 
Calving Interval (days) 45.3 0.022 0.148 6.719 c 
Chest Width 1.42 0.25 0.500 0.710 d 
Angularity 1.37 0.33 0.574 0.787 d 
Rump Angle 1.31 0.31 0.557 0.729 d 
Rump Width 1.43 0.3 0.548 0.783 d 

 
a, Royal et al., (in press); b, Brotherstone et al (1997); c, Pryce et al.(1997); d, Brotherstone personal 
communication. 
 
Table 2. Genetic regression coefficients of lnCLA on sire PTAs for production, BCS, CI 
and a number of linear type traits and the inferred genetic correlations 
 

PTA  h2 1 9 b F prob (rG) 
305 Milk yield kg 0.39 … … 0.00013 0.1 0.36 
305 Fat yield kg 0.47 … … 0.006 0.005 0.64 
305 Protein yield kg 0.34 … … 0.0043 0.1 0.32 
Condition Score 0.28 thin fat -0.253 0.005 -0.84 
Calving Interval (days) 0.02 … ... 0.011 0.1 0.37 
Chest Width 0.25 narrow wide -0.067 0.001 -0.23 
Angularity 0.33 coarse angular 0.040 0.05 0.16 
Rump Angle 0.31 high pins low pins -0.010 0.05 -0.04 
Rump Width 0.30 narrow wide -0.066 0.005 -0.25 
 
CONCLUSION 
The data presented here highlight two important facts that have serious implications for dairy 
cattle breeding. Firstly CLA is strongly genetically correlated to sire BCS PTAs. Secondly, we 
have obtained indications of the magnitude and sign of relationships of CLA with CI and a 
number of linear type traits. 
These relationships have positive implications for the evaluation of CLA as a candidate trait for 
fertility in selection indices which is the subject of on-going research. Furthermore, with the 
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availability of on-line milk P4 monitoring systems providing rapid P4 profiles, the measurement 
of endocrine fertility parameters and hence estimation of breeding values using these 
measurements will become more cost effective and more incisive. Since CLA appears to be a 
good predictor of BCS, CLA may reduce the need for routine BCS assessment. In the 
meantime a number of traits such as BCS, production and other traditional measures of fertility 
such as CI could be included in a fertility index for dairy cattle to predict sire evaluations for 
fertility. 
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